A 50-year-old man with a family history of stroke and depression slowly developed brain lesions. Magnetic resonance imaging revealed hyperintense lesions in the diffuse white matter, external capsules, and temporal poles on T2-weighted imaging. A heterozygous mutation c.3879C>G in exon 24 of the NOTCH3 gene (p.Cys1293Trp) was detected, confirming a diagnosis of cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL). Exon 24 mutations are rather rare and this represents the first Japanese case of CADASIL.
Introduction
Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is the most common form of hereditary cerebral angiopathy. The condition is caused by mutations in the NOTCH3 gene on chromosome 19 (1, 2) . Mutations of NOTCH3 can occur in exons 2-24, but are most often reported in exons 3-6 (3, 4) . To date, CADASIL due to mutations of exon 24 has only been reported in two Italian families (5, 6) . We herein report the first Japanese CADASIL patient with a mutation in exon 24 of the NOTCH3 gene.
Case Report
A 50-year-old man was admitted to our hospital to undergo further investigation of depression and slowly growing brain lesions that were identified by magnetic resonance imaging (MRI). T2-weighted brain MRI at 40 years of age showed areas of high intensity in the bilateral external capsules and diffuse white matter; however, the patient was asymptomatic. The patient became depressed; his depression was successfully treated by a psychiatrist at 49 years of age.
T2-weighted MRI showed new hyperintense lesions in the brainstem and the bilateral anterior temporal poles in addition to the previous lesions, while T2 star images demonstrated microbleeds in the bilateral basal ganglia and thalami at six months before he visited our hospital. His family history ( Fig. 1 ) was notable for stroke in his father [at 43 years of age (II-1)] and his two brothers [at 62 (III-3) and 52 years of age (III-5), respectively; Fig. 1 ]. His medical history was only remarkable for untreated hypertension, which was diagnosed at 41 years of age. He was a never smoker and had no history of migraine.
His height was 171 cm and his weight was 74.3 kg. A general medical examination that included screening for carotid bruits was unremarkable except for hypertension (150/ 100 mmHg). A neurological examination revealed that his mental status and cognitive functions were normal (MiniMental State Examination, 30/30); his muscle strength, sensation, deep tendon reflexes, coordination, and gait were intact. The patient's laboratory data showed a normal complete blood count, chemistry, coagulation, lipid tests, and blood sugar. All of the following coagulation-related test results were within the normal ranges: protein S, protein C, total homocysteine, anti-DNA antibodies, anti-cardiolipin β2-glycoprotein I complex antibodies, anti-cardiolipin antibod-Intern Med 57: 3011-3014, 2018 DOI: 10.2169/internalmedicine.0723-17 
Discussion
CADASIL is a hereditary autosomal-dominant cerebral arteriopathy that was proposed in 1993 (2) . The typical clinical features of CADASIL include migraine with aura at approximately 30 years of age, followed by subcortical infarction and associated symptoms beginning at 40 years of age, and concomitant cognitive decline starting at approximately 50 years of age (7). On brain MRI, T2-weighted and fluid attenuated inversion recovery (FLAIR) images revealed areas of hyperintensity in the bilateral subcortical white matter as well as subcortical lacunar lesions in the anterior temporal lobes. As the disease progressed, these lesions become confluent and spread to other areas, including the basal ganglia and external capsules (7, 8) . Lesions of the temporal poles and external capsules are characteristic findings in CA-DASIL (9) .
In 1996, NOTCH3 was identified as the causative gene in CADASIL (1) . The NOTCH3 protein belongs to the Notch family and is a single transmembrane receptor that is implicated in the differentiation of stem cells. It is not yet clear how NOTCH3 mutations result in the pathological changes seen in CADASIL; however, dysfunction due to abnormal protein aggregation around the vascular smooth muscle of the brain has been implicated (7). More than 200 mutations of exons 2-24 in NOTCH3 have been reported (10) , all of which manifest in the EGF-like repeats of the extracellular domain, and most of which are cysteine-related mutations (3). The mutations are most frequent in exons 3-6 (3, 4), while the mutation in exon 24, which encodes the 3' end of the EGF-like repeat, was previously identified in only two Italian families (5, 6) .
Table summarizes the characteristics and clinical findings of these two families (Table) . A 64-year-old man, the first case (6), had a chief complaint of parkinsonism for 4 years, followed by migraine without aura and cognitive decline; however, he did not have any history of transient ischemic attack (TIA), stroke-like attacks, or depression. He had a family history of cerebrovascular disease. Brain MRI showed typical findings of CADASIL. A genetic analysis revealed a mutation in exon 24 (p.Cys1315Tyr), which confirmed the diagnosis of CADASIL. The same mutation was subsequently identified in his brother and daughter. The late onset of disease and symptoms of parkinsonism are not typical of CADASIL.
The second case (5) was a 73-year-old woman who had episodic transient global amnesia (TGA) for 10 years. She also had migraine with aura, depression, TIA, and dementia. Brain MRI revealed the typical abnormal findings of CA-DASIL. Her family history was positive for recurrent stroke, which occurred in her father. She was diagnosed with CA-DASIL after a mutation (p.Cys1298Phe) was identified in exon 24 of the NOTCH3 gene. Her age at onset and recurrent TGA as a chief complaint are atypical clinical characteristics of CADASIL. The brain MRI findings of both previous patients were typical of CADASIL, even though their age at the onset of disease and their clinical symptoms were not. In our patient, however, both the brain imaging findings and the clinical symptoms-such as the development of depression at 50 years of age-were typical of CADASIL.
The relationship between the genotype and phenotype of NOTCH3 mutations has been thought to be weak (7, 11) . Indeed, the clinical manifestations of our patient were typical of CADASIL while those of the abovementioned Italian families were not. Thus, the accumulation of further cases is needed to elucidate the genotype-phenotype correlations in patients with exon 24 mutations of the NOTCH3 gene.
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